Q No Answer Marks | Comments
W@ |aA-u[=0 30
1 2 1 0 1-4 2
-1 =0 =0
5 4 01 5 4-)
(1-4)(4-1)-10=0 A1*-51-6=0
A-6)(1+)=0..A=06o0rA=-1
Taking A,=—land 1,=6 40
1 2|x X|| X+2y —X
AX, =4 ,X, =— =
5 4|y y| |5x+4y -y
X+2y=0
SoX+y=0
5x+5y=0
Take X =t then y =—t where t is a parameter
X t 1
oA
vl -t |-
1 2] x [ x X+2y 6X
AX, =1,X, =6 =
S 4]y Ly oX +4y 6y
2y=5 X | 2
Y=o y:§X X, =| 5X )(2:5
2y =5X 2 o 2|5
X . 2
Take r:E where t is a parameter Xzer}
15

supose | +412|-|
{_aaizsﬂﬁ} i m

a+2B=0 —a+58=0 a=8=0

1 2
{_ J and [5} are linearly independent
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LR P

Ut - 115 -2 1
5+2|1 1 7

R Y
-1 5/ 0 6]7

—1 12]5 -2]
1 301 1

oot
7

[—5+12
| 5430

2+12

ut-2
7

A=UDU*

5 -2
1 1

12
= :A
—2+3o} {5 4}
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A" = (UDU )" = (UDU )(UDU ?).......uDU *)UDU )

A" =UD(U 'U)DU 'U)....U ~.U)DU U)DU*

A" =UuD(1)D(I).....(1)D(I
A" =UD"U*

1 27-1 o]'(1
A" = -
-1 5|0 6](7

(D"

A2
70~ D"

26" [5
56" | 1
[ 5(-1)" +2.6"
|—5(-1)" +5.6"

A=t
7

An:'(—l)” 2.6”}[1[5
—(-)" 56" | 7|1

DU ™

|

An_‘l 2" o 1[5 -2
|-15] 0o 6|71 1

il
v

—2(=1)" +2.6"

2(-1)" +5.6" }

40
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(b)

(b+c)®> a* bc
(c+a)> b* ca
(a+b)®> c¢* ab

Applying C, - C, +C, -2C,

a’+b*+c? a® bc
=la’+b®’+c® b?® ca
a’+b*+c®> ¢? ab

Taking a® +b? +c? as a common factor from C,

1 a® bc
=(@’+b*+c?)1 b* ca
1 ¢? ab

Applying R, > R, -R, R, > R, =R,
1 a’ bc
=(a®+b*>+c%)|0 (b*-a®*) c(a—h)
0 (c®-b?*) a(b-c)

Taking common factors (a —b) and (b —c¢) from C, and
respectively

1 a’ bc
=(a*+b*+c*)(a-b)(b-c)0 —(b+a) c
0 —(c+b) a

Expanding along C,
= (a® +b* +c*)(a—b)(b—c)[-a* —ab+bc+c?]
=(a® +b* +c?)(a-b)(b-c)[(c—a)(c+a)+b(c—-a)]

=(a®+b*+c*)(a-b)(b-c)(c-a)a+b+c)

50

Expanding, without
applying column &
raw operations no

marks




Q No Answer Marks | Comments
2 = at? =2at 2 =2q,%=2q 20
@ |x=a Y = 2a L = 2a, o =2a

dy _dyde  dy 501 1

dx  dt dx dx_zaZat_t

dy 1

amN:—l —mN——l mN——t

The equation of the normal at (at?, 2at) is

y —2at = —t(x — at?)

y +tx = 2at + at?
If P(h, k) lies any arbitrary normal then 70

k +th = 2at + at3
at’+ a-ht+k=0————— [1]

Since the above equation has three roots then generally there
are three normal passing through the point P(h, k)

Suppose the roots of the cubic equation are t; , t; t3
(t—t)(t—t)(t—t3)=0

t3 — (ty+ty + t3)t? + (tyty + tots + taty )t — tytyts
=0..[2]

Since the equations [1] and [2] are the same the corresponding
coefficients are equal

2a—h k
(ti+ty +13) = 0, (tyty + ot + t3ty) ==, tytyts = -

The gradient of a normal is - t. Since two normal are
perpendicular (—t;)(—ty) = =1 t;t, = —1

t; = —Stg satisfy the equation [1]
—i\3 _

a(;k) +(2a—h)(7k)—k=0

Sincek # 0k?+a(a—h)+a*>=0

k? = a(h — 3a)

Hence the point P(h, k) lies on the curve y? = a(x — 3a)




Q No Answer Marks | Comments
2 2 -1
x=2k—-1,y=2k—-3,z=—-k+4
Since this point lies on the plane x + 2y — 2z —-9=10
k—-1)+2R2k—-3)—-2(4—-k)—9=0
k=3
The intersection pointis (2.3 -1, 23 -3, 4—-3) =
(5,3,1)
Suppose (a, b, c) be any point then the direction ratios of the | g The formula for the

line perpendicular to the plane x + 2y — 2z —9 = 0 are
1,2,—2 therefore the equation of the line passing through the
point(a, b, c) perpendicular to the above plane

x—a y—b z-c
1 2 =2

Any point on the above line (a +u, b+ 2u, ¢ —2u)
Suppose this point lie on the plane x + 2y — 2z -9 =0

Thena+u+2(b+2u)—2(c—2u)—9=0

_ —(a+2b—2c-9)
- 9

Therefore the perpendicular distance from the point (a, b, c) to the
planex + 2y —2z—-9=01s

=J(a+p—a)?+(b+2u—b)?+ (c—2u—c)?

= Ju? + 2u)? + (—2p)? = \/9u? = 3|yl

|a+2b—26—9|_|a+2b—26—9|

9 3
|2k = 1) +2@k=3) —2(4-k) -9 _
- _
|8k—24|_8
=
k=3 _,
-

k = 6 or k = 0 therefore the points are

(26—-1,26—3,4—6)=(11,9,-2)and (-1,-3,4)

perpendicular
distance to a plane
from a point cannot
be used since it is
not in the course
material. If it is
used half of the
marks will be
deducted.




Q No Answer Marks | Comments
3 @) ABCD is a tetrahedron, AB=BC=CD=DA=BD=AC 35
Draw a line MS parallel BC BS = SD (construction)
AM =+/3a [Where 2a = length of the side of the tetrahedron]
MS = a[Construction mid points theorem]
AS =+3a
From the triangle AMS;
AS? = AM? + SM? - 2AM.MS cos SMA
2 2
(V3a)” = (V3a)™ + a? — 2v/3aacosSMA
a? 1 V3
cosSMA = =—=—
2v3a2 243 6
V3
SMA = cos™ 1 —
6
Since BC // SM
. . _1V3
.. The angle between AM and BC is cos -
(b) Let a, b two vectors 25 If the vector

Scalar product

If a = 0 and b # 0 then |a||b|cos0 is defined as the scalar product
of a and b, where 6 is the angle betweena, b .

If a = 0 or b = 0 then 0 is defined as the vector product of a, b
Vector product

Ifa+0 and b # 0 then |a||b|sinén is defined as the vector
product of a and b ,where @ is the angle between a and b. The
direction is that of the unit vector n which is perpendicular to both a
and b such that a , b and n form a right handed system.

If a =0or b = 0then 0 is defined as the vector product of a, b.

notations are not
used half of the
marks will be
deducted.




Q No Answer Marks | Comments
(A) 90
axb=3axc axXxb-3axc=0
ax(b—-3c)=0

a=0o0rb =3coraisparallel to b — 3c
a=0o0rb=3cor b—3c = kawhere is ascalar
a=0orb=3c+0aor b=3c+ka
a=00r b=3c+ka
la| =5, |b|=3, |c|]=vV3 b-c=0and b—3c=ka
(b—3c)-(b—3c)=ka-ka
|b|?2 —6¢-b+9|c|? = k?|al|?
K2=22 k=12
b—3c=ka
c-b—3c-c=ka-c
c-b—3c-c=k|al|c|cos@ Where 8 is the angle between a and c .
c050=_—9
5kv3
Whenkzg 9=5?” When kz—g 0=
b—3c=ka
b-b—3c-b=ka-b
b-b—3c-b = kl|a||b|cosp Where is the angle between a and b .
cosﬁ—i
5k
Whenk =2 g =% When k=-2 6==
(B) 45
0A =2ui+3j+2k,0B=pi+(@u—-1j+k
0C = 4i+ 2j + 3k
R i j k
OAxOB=\2u 3 2
p p—=11




Q No Answer Marks | Comments
= (3 —-2u+2)i—@p—2wj+ 2p*-2p-3pk
= (5 —2Wi+ (2p* - 51k
(0Ax 0B)-0C = ((5 - 2w)i + 2u? — 5)k) - (4i + 2j + 3K)
=20 —8u + 6u% — 15u
=6y’ —23u+20
= (2p—5@u—14)
0,A,B,C are coplanar if and only if (04 x OB)-0C =0
QNo Answer Marks | Comments
4 @ |1*—yI<ll-xyl 75

e |x—ylP <1 -xyl?

e x-NE-y)<1-xy) (1-xy)
Sx-NE-y<A-xy) A -%)
SE-yE-N<A-xy)A-xy)
Sx-yE-y<d-xy)A-xp)

& x> —xy — Xy + [y* <1—xy —xy + |x|*|y|?
©0<1— x> —|yl* + [x|*|y|?

S0< - |x») = IyIP( - Ix%)

S0< - x»HA-1y1»)
e{0<(1—|x[*)and0 < (1 - |y|?)} or

{0>@@—1[x[and 0> (1-yl*)}

{1 < |x|?and 1 < |y|?} or {1 > |x|?and 1 > |y|?}

o{l<|xland1 < |y|} or{1 > |x|and 1 > |y|}
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(b)

De Moivre’s theorem
VneQ (cosO +isinB)* = cosnb + isinnb
z = cos0 + isin0

z" = cosnb + isinn@

1 1
— = — = cosnf — isinn0
z"  cosn@ + isinn®

n n

1 1
z"+— = 2cosnf z" —— = 2isin0
zn VAL

40

()

Whenn =1 z+%=2c059 Z—%zZiSinH
4 1 1 1

1 1
2400549=(z+—) =Z4+4-Z3—+6ZZ—2+4-Z—3+—4
z z z z z

4 4 1 2 1
1l6cos*0 = z +—4+4(z +—2) +6
z z
16c0s*0 = 2cos46 + 4.2c0s26 + 6

8cos*0 = cos46 + 4cos20 + 3

1\
2%i%sin%e = (z - )
Z

1 1
16sin49=24+—4—4(22+—2> +6
z z

16sin*0 = 2cos40 — 4.2cos20 + 6

8cos*0 = cos46 — 4cos20 + 3

45

(©)

Re(z+a) =|z—a|
Letz=x+iywherex,y €R
Re(x +iy+a)=|x+iy—al

x+a)=y(x—a)+y2if x+a)=0

Taking the square of both sides y? = 4ax Then it is parabola

40




Q No Answer Marks | Comments
5 |@ | dy _x+3y 80
dx 3x+y
Substitute y = VX ﬂ:\,ﬂﬂ
dx dx
dv. x+3vx dv 1+3v dv 1+3v-3v-v®
V+X— = X— = —V X— =
dx 3x+vx dx 3+v dx 3+V
3+\2 dv:ldx
1-v X
3TV_ A LB 3o Ad-v+BEtY)
1-v¢ 1+v 1-v
Taking v=1and v=—-1weget B=2 and A=1 respectively
i+ijdv:ldx
1+v 1-v X
In[L+v| - 2In[Ll—V| = In|X + In|c| where cis an arbitrary constant
1+v l+v
In ~ = Injcx| ~ =1cx|
@-v) @-v)
1+v 1+X
=X take A ==C X = x
1-v) ( y
1-2
X
(x+y) = Ax~y)*
(b) 20

2x(2x+3y2)%+ y(3x+2y?)=0
X

(4x° +6xy2)%+(3xy+2y3) =0
X

Take f(x,y)=3xy+2y®and g(x,Yy)=4x"+6xy’

i=3x+6y2 a—g:8x+6y2 i;«t@—g

oy OX oy oX

The equation is not exact

10
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Answer

Marks

Comments

thk

Multiplying by
(X2 yK 4 ey dy ity kel | oyhykes
y +6x""y )d + (3x + 2X )=0

Take
(X y) (4Xh+2 k +6Xh+lyk+2 P(X y) 3Xh+l k+l+2x

®_ =3k +D)x"ty* +2(k + 3)x"y 2

2Q A(h+2)x"y* +6(h+1)x"y
X

P _R
If the equation is exact then oy ox

Equating the coefficients of

h+1y and Xh yk+2

3k+3=4h+8 6h+6=2k+6 h=1landk=3

xy® is integrating factor

(4x3y® + 6x2y5)ﬂ +(3x*y* +2xy®) =0
dx Is exact.

If U(x,y)isasolution

ou

™~ =3x7y* + 2xy° ,%:4x3y3 +6x7y°

Consider AN _ 3x2y* +2xy°®
OX

Integrating w.r.t. X U(x,y) = x3y* +x°y°® + f(y)
Where f(y) is arbitrary function of y .

oU

d(f(y)
= =4x%y? +6x%y° +
oy

dy

=0 then f(y)=constantc

d(f(y)
dy

The fore the solution is U (X, y) = x*y* + x*y® +¢

h, k+3

y

100

11




Q No Answer Marks | Comments
6 |(a) |Take f(x)=x>-2 15
f()=-1, f(2)=6 andis continues in [1,2] there exists a root
in the interval[1, 2].
X _2 X +i 40
n+1 3 n Xs
x:g(x+x—12j 3X=2X+— X:x% x> =2
2 1), N
X141 =§ N +7 is a simple iteration formula to evaluate a
numerical value for ¥/2
Consider g(x) :g(x+i2j
3 X
2 2
'X)==|1-—
9'(x) 3( ij
Since 1<x<2 1<x*<8 22%2l —131—%3§
x* 4 x> 4
2.2 1)1
3 3 x® 2
2 1
-—<f'(x)<=
3 ) 2
Clearly |f'(x)| <1 X, converges to 32
2 1 30
Xn+l = g Xn +X_§
X, _2 xl+i2 :E(1+lzj:£:1-333333
3 X; 3 1 3
Xq =g X, +i2 :E£1~33333 +;2j=1-26389
3 X5 3 133333

12




10x+y—-2z=7
3x + 10y —z= -8
2x — 3y + 10z =15

1
x=1—0(7—y+22)
1
y=1—0(—8—3x+z)

1
z —E(—2x+3y+15)

1
Xn+1 = E(7 = Yn +22y)
1
Yn+1 = E(_8 —3x, +2,)

1
Zn4+1 = E(ls - an + 3yn)

1
- . =1-
Xy =757 +0:8+3) 08
1
y2=1—0(—8—2'1+1'5)=—0'86

1
z;=75(15-1:4+2-4)=1-12

1
x3=75(7+0-86+2-24) =101
1
y;=15(-8-3-24+1:12) = ~1-012

1
z3=75(15-2-16-2-58) = 1-026

Q No Answer Marks | Comments
Xy = 3 X3 +i2 = 2(1 26389 +;2) =1-25993
3 X3 3 1-26389
Xg = E X4 +i2 = g(l 25993 +%) =1.25992
3 X, 3 1.25993
Xg = E Xs +i2 = 2(1 25992 +;2j =1.25992
Xz 3 1.25992
Therefore the numerical to correct to two decimal places of /2 is
1-26
(b) 115

13




Q No Answer Marks | Comments
1
x4=E(7+1-012+2-052)=1-0064
y4=%(—8—3-03+1-026)=—1-0004
Z4:%(15—2-02—3-036)=0-9944
1
X5 =E(7+ 1-0004 +1-9888) = 0-99892
Vs = %(—8 —3-0192+0-9944) = —1-00248
Zs =%(15— 2-0128 —3-0012) = 0-9986
1
Xg = EU +1:00248 +1-9972) = 0-999968
Y5 = %O(—S —2-99676 +0-9986) = —0-999816
Zs = 11—0(15 —1:99784 —3-00744) = 0-999472
Q No Answer Marks | Comments
7 | (@ | Definition of mean and variance 35

ff(x)dx =1
3

jlx(B —-x)3+x)dx=1
0

3
Af(9x—x3)dx =1
0

9yx2 x43
A[___ _1
2 4|
81 811
[2 4]
/1_4
81

14




Q No

Answer

Marks

Comments

Theory part

10

EX) = ff(x)dx

3
—f49 )d
—0x81(x x%)dx

4 [9x3 x° 3

81] 3 5,

47243 243]
81l 3 5

%16
=c=

E(x?) = fxzf(x)dx
; 4

= fxzﬁ(9x—x3)dx
0

4 [9x* x5

B 9-81 81-9]
T 81| 4 6

V(X) = E(X*) — (E(X))?

V(X)=3—(§)2=0-44

_4[ 3
, 81l 3 5

45

fx) = 2(9x — x°)

f1(x) =209 = 3x%)

1) = =32(x = V3)(x +V3)

Sincex € [0,3] f1(x) =0 x =3 f%(x) = —6x
f2(V3) =-6MV3 <0

~ At x =+/3  f(x) gets the maximum value

= The mode is V3.

30

First order
derivative method
can be used.

15




Q No Answer Marks | Comments
Suppose the median is m then 45
m
[ reoax=3
f)dx = >
—X
m
f 4 9 Ny = 1
81( x—x°)dx = >
0
4 [ox2 X" 1
81| 2 4 0 2
4 [9m* m*| 1
81| 2 41 2
m*—36m?+81=0
,  —36+V362—4281
m =
2.2
92
=9+ —
-2
Since0<m?<9 ml=9-22 m=1-62
(b) | To State the Bayes theorem. 15
30

A, = The event that randomly selected urn is U,..

1

P(4,) = o7 1,2,3,......13

A = The event that randomly chosen ball is red.
A - —

P(4/y ) =55 where 1 =1,2,3,......13

From the Bay’s theorem

4,y PGP (Y/y)
P(a) = S, PP (4/, )
p (Ag/ ) _ 1_1319_3 _ 9 _ 9 = i
A —213 1 r " yB .y 13(13+1) 91
r=113"13 2

16




Q No

Answer

Marks

Comments

_x2+x+2
Y= x—1

Clearly x = 1 is a vertical asymptote.

Whenx # 0

2 1, 2
X+1+; _ 1+;+;Z

x—1 1—l
X

m=12
X

m = lim, 4« G) =1

~m=1

. T x2+x+2
lim, 4o (y — mx) = limy 4« - X

x—1
2
o 2x+2 (2t %
= llm( )= lim =2
xotc\x —1 x>t 1_1
X

lim, ,,(y —mx) =2~ c=2 ~y=x++ 2isanasymptote.

d_y_(x—l)(Zx—l)—(x2+x+2)

dx (x — 1)2
dy 2x*—-x—-1-x*—x—-2 x*>—2x-3
dx (x — 1)2 T (x—1)2

dy (x—=3)(x+1)

dx  (x—1)2

d
—y=0(=>x=—1orx=3
dx

. dy
The sign of =

(-)(=)>0 (-)(+) <0 (+)(+) >0

AV

v

90

Second order
derivative method
can be used to find
maxima and
minima.

17
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Answer

Marks

Comments

Whenx=-1, y=-1 wheny =3, y=7
(-1-1) 3.7)

The sign of d_y
dx

Whenx=0 y=-2 (0,-2)

14245
Whenx #0 y = x((l+%)x7)
~ limy=o0 and lim y = —oo
X—00 X——00
1\2 7
+5) +=
y = (x(xz_)l) 4 . y #: 0

18




Q No Answer Marks | Comments
®) | @)z = inGZ +y?) -
0z _ 1 )
ox  x2+4y? x
0z _ (¢ +yh).1-x(2x0)

axz o xz + yz
32z (y2-x2)
2 GBI [1]
z = In(x? +y?)
0z _ 1 )
dy  x2+y2 y
0’z ¥ +y9).1-y(2y)
day? (x2 + y2)2
922 (xz_yZ)
ay_z GBIy D) 2]
a aZy
Clearly — + 7 0
(iu=In(2+xy+y?) y=e* ZL=ex 55

dx
. . . ou ou
Since uisafunctionof xandy du = Sodx + Edy

du _ Ju dudy

E_a-i_@dx
ou -
ax_x2+xy+y2(x )
ou  2x+y
0x  x2+xy+y?
au_ ! 2y +
5y_x2+xy+y2(y x)
ou 2y +x

ot

du  2x+y 4 2y +x
A xTtaytyE A tay+yEe

X

du _ (2x +y) + 2y + x)e*
dx_ x2 +xy+y2

19




